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Abstract 
It is feasible to consider flexible docking mechanism without buffering mechanism to reduce the docking impact shock 
for medium and small-sized spacecrafts’ docking. Applying flexible beam technology to space probe-cone docking 
mechanism, we can get another way to buffer docking impact shock. In this paper, a simplified model of probe-cone 
docking impact based on the finite element method is built firstly; the influence of flexible structure to impact shock 
effect is discussed. 
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1. Introduction 
With humankind ceaselessly breaking new ground in the field of space in the 21st century, the growing 
demands for autonomous on-orbit servicing are putting forward higher and higher requirements to the 
autonomy, diversity, robustness, reliability and the overall performance of the space docking mechanism. 
Form the existing experience of the United States, Russia, Japan and other space powers, enough attentions 
should be paid on the simulation of docking process in order to ensure high success rate and high reliability 
of the spacecrafts docking process [1]. Docking mechanism is a core part to realize the connection of 
spacecrafts. In order to reduce the impact shock effect, the methods which is widely used nowadays is 
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decreasing the spacecrafts’ shock by using buffering mechanism to reduce the impact and rebound 
velocities caused by impact of the spacecraft structures, to increase the available time of capture process, 
and then to realize matching motion of the catching mechanism [2]. However, the complicated structure of 
buffering mechanism makes the docking mechanism also complicated, which brings reliability problems. 
Under such background, we consider a flexible probe based on probe-cone docking mechanism to buffer the 
docking shock. To medium and small-sized spacecrafts’ docking, this idea is completely feasible. Applying 
flexible beam technology [3] to medium and small-sized spacecrafts’ docking process, we can design a 
flexible docking probe to buffer the docking impact effects effectively instead of the function of buffering 
mechanism. Then the structure of docking mechanism will be simplified and the flexible docking will be 
realized successfully. Thus, it can be seen that the application of flexible probe to docking process is 
significant for researching and space engineering. In this paper, a simplified probe-cone docking impact 
model is built based on finite element method; the influence of flexible structure to impact shock effect is 
discussed. 
2. Finite element modeling 
2.1. Differential equations of impact dynamics [4] 
t t t tMq Cq Kq P        (1) 
Where, M is the mass matrix of the structure, C is the damping matrix of the structure; K is the rigidity 
matrix of the structure, tP is the external loads, tq is the vector of displacement. 
The equation of motion above can be rewritten as: 
ext
t t t tMa Cv Kd F        (2) 
intext residual
t t t tMa F F F       (3) 
Where, exttF is the vector of externally applied loads, 
int
t t tF Cv Kd  is the vector of internal loads. 
2.2. Calculation 
The finite element model of the probe-cone docking mechanism is showed as below: 
 
Fig.1 Finite element model of the probe-cone docking mechanism 
The acceleration can be found by inverting the mass matrix and multiplying it by the residual load vector. 
If M is diagonal, its inversion is trivial, and the matrix equation is the set of independent equations for each 
degree of freedom is as follows: 
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residual
t ta F M      (4) 
The central difference scheme is used to advance in time [5]: 
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Then, we can solve the differential equations of impact dynamics. 
3. Simulating results 
Assumed that the initial velocity of docking probe is 0.1m/s, the length of probe is 0.098m, the radius of 
cross section is 0.006m. The initial velocity of docking cone is zero, the cone angle is 45 . The property of 
the probe is linear elastic and the cone is rigid. The static friction coefficient is 0.3 and the coefficient of 
kinetic friction is 0.1. 
Table 1. Model parameters 
 density˄ 3kg m ˅ Young’s modulus˄ 2N m ˅ Poisson’s ratio P  mass˄kg˅ 
probe 2740 7.1705e10 0.33 7.66 
cone  2.1e11  10 
The simulating result is showed as follows: 
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Figure 2. The curve of impact force during time history 
From fig.2, we can find many small fluctuations during the docking impact process. We think there is 
just one impact [6], but there are many short-term processes of contacting and falling apart in fact. However, 
there is still a peak value of impact force and time duration to describe a whole docking process. 
4. Stiffness affects the impact characteristic 
Based on the model above, we just change stiffness of the probe. Parameter changing of stiffness is 
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shown in table.2 as follows. 
Table 2. Parameter changing of stiffness 
stiffness
˄ 2N m ˅ 
 stiffness
˄ 2N m ˅ 
2.1705e6 6 7.1705e8 
7.1705e6 7 2.1705e9 
2.1705e7 8 7.1705e9 
7.1705e7 9 2.1705e10 
2.1705e8 1
0 
7.1705e10 
The logarithm relationships of impact force and contact time changing along stiffness are shown in fig.3 
(a) and (b). 
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(a)                                                                                                     (b) 
Figure 3. The logarithm relationship of impact force and contact time with respect to stiffness 
From fig.3 (a) and (b), we can know that, as the stiffness reducing, the peak value of impact force 
decreases rapidly, and the contact time increases; the decrease of the impact force and the increase of the 
contact time are both able to be as the identification of buffering the impact shock. Reducing stiffness is in 
fact reducing natural frequencies of the probe and reducing the transverse vibration. 
Now we do a deep research on these logarithm relationships. 
In fig.3 (a), the logarithm curve of peak impact force changing along stiffness is almost a straight line. 
We can conclude: if the other conditions keep still, the logarithm relationship between peak impact force 
and stiffness is almost linear. The expression is below [7]: 
10 10log logF a E b       (6) 
Where, a, b are both undetermined coefficient, it is possible to calculate 0.4768a  , 2.2349b    using 
simulation data. Then the expression is: 
0.4768
2.2349
1
10
F E      (7) 
From fig.3 (b), we can also conclude: if the other conditions keep still, the logarithm relationship 
between contact time and stiffness is almost linear. We can get the expression in the same way. 
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2.5285
0.4899
10T
E
       (8) 
There is a point to emphasize, when the parameters of probe change, the logarithm relationship still 
exists, but their coefficients will change. 
Additionally, we consider the impulse of impact force changing along the stiffness. We can get the curve 
of impulse changing along the stiffness: 
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Figure 4. Impulse of impact force changing along stiffness 
From the simulating results and analysis above, we can know that the stiffness changing does a little 
influence to the impulse of impact process. Lowering stiffness of the probe is mainly to increase the contact 
time and decrease the peak value of impact force, and then buffer the impact shock effect. 
5. Conclusion 
Applying flexible beam technology to space probe-cone docking mechanism, we can get another way to 
buffer docking impact shock. By changing the stiffness, the influence of stiffness to impact process is 
discussed. From this paper’s work, we get several useful conclusions as below: 
(1) The docking impact process that seems to be just one contact intuitively actually contains many 
short-term processes of contacting and separation process. 
(2) As the stiffness reducing, the peak value of impact force decreases rapidly, and the contact time 
increases. However, the change of structural flexibility has little influence on the impulse of impact process. 
Lowering stiffness of the probe is mainly to increase the contact time and decrease the peak value of impact 
force, and then buffer the impact shock effect. 
(3) If other conditions keep still, the logarithm relationships of impact force and contact time changing 
along stiffness are almost the linear. 
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